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法。样品经过阴离子交换法除去 CaCO3基体，再以 Tl 作为内标校正质量
歧视现象，用同位素稀释及 ICP-MS 测定样品中铅的含量。以空白测量值








测量检出限（3×σ）为 0.2038 ng/mL。加标试验及标准水样(GBW 08607)
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Abstract 
 
This dissertation consists of two parts, which are the characterization of 
multimetal-binding metallothioneins (MTs) in rat tissues after oral intake of cinnabar and 
HgCl2 (from chapter 1 to 4), and the measurement of lead isotopic ratios with inductively 
coupled plasma mass spectrometry (ICP-MS) (from chapter 5 to 8). 
Cinnabar, made up of natural mineral, is one of the widely used components in 
Chinese traditional medicines (TCM), and has been proved to have prominent 
curative effects in the clinic for more than two thousand years. But the safety 
and toxicity of the drug has been under debate all through in clinic. MTs, which 
abundantly exists in –SH groups, containing about 30% of cysteine in the 
molecule, and playing a detoxification role against heavy metals, are used as a 
biomarker to assess the mercurial toxicity in rats fed orally with cinnabar. The 
principle knowledge of MTs, such as the structural features and the biological 
functions, and the characterizing methods of MTs, including the traditional 
determination and modern hyphenated techniques, are summarized in chapter 1 
through the review of more than 100 published references. 
In chapter 2, the distribution of heavy metals (including Hg, Cu and Zn) and 
MTs, measured with ICP-MS and a modified mercury saturation assay 
respectively, is investigated in tissues including liver, kidney, heart, brain, 
testicle and blood of rats fed orally with cinnabar and HgCl2. The relationship 
between heavy metal levels and MT concentrations is discussed. The results 
indicate that the amounts of Hg increasingly accumulate in the rat tissues, 
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even fatal if the dose is excessive or the drug is taken for a long period at a 
normal dosage. A positively high correlation of MT concentrations and Hg 
levels in both of liver and kidney validates that MTs can be used as a biomarker 
for the toxicological study of cinnabar. 
Based on the hyphenated technique of size-exclusion chromatography (SEC) 
with inductively coupled plasma mass spectrometry (ICP-MS), the 
multimetal-binding MT fractions in rat tissues after oral intake of cinnabar and 
HgCl2 are investigated in chapter 3. The results indicate that the amount of 
Hg-binding MTs in rat tissues of all cinnabar groups is much lower comparing 
with that of HgCl2 group. With the increase of both the feeding time and dosage 
of cinnabar, the amounts of Hg-binding MT fractions in rat kidney of cinnabar 
groups increase significantly comparing with the control group. Meanwhile, 
more Cu-binding MTs are synthesized in rat kidney, which validates that MTs 
play an important detoxification role for nephritic mercury. The Hg-binding MT 
fractions in rat liver of all cinnabar groups are almost independent of the 
cinnabar dosage (2.5~5.0 g/Kgbw) and feeding time (2~4 weeks), but are 
significantly more than that of the control group. The amounts of Hg-MTs in 
other rat tissues of cinnabar groups, the HgCl2 group and the control group are 
compared and discussed. 
In Chapter 4, the Hg-binding MT polymorphism of rat is investigated by the 
established hyphenated techniques, such as rp-HPLC coupling with ICP-MS 
and ESI-MS, respectively. After being purified with size-exclusion column 
(Sephadex G-75) and dialysis (M<1000 Da), the extracts of rat kidney and liver 
are separated with narrow-bore reverse phase column and eluted by increasing 
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binding-metal (including Hg, Cu and Zn) species is obtained with the detection 
of ICP-MS. The chromatograms of UV and TIC of ESI-MS are obtained 
through the analysis of rpHPLC-ESI-MS. Because of the little data reported on 
the identification of Hg-binding MT polymorphism with ESI-MS and the 
unavailable standards of Hg-MTs, the tentative formulas of Hg-MT isoforms 
and subisoforms are only interpreted by the measured masses at the vicinity of 
apexes in TIC of ESI-MS and the apo-MTs reported. The results indicate that 
there is some Hg-binding MT species in kidney of rat after oral intake of HgCl2, 
but the mercury-binding MT species in rat liver can’t be identified because of 
the low level of Hg-binding MTs, the low sensitivity of ESI-MS and the 
unknown reason of this separation. 
Except for the wide applications of simultaneously measuring trace and 
ultra-trace elements in sample, ICP-MS is a suitable tool for the isotope ratio 
and isotope dilution determination, which is traditionally analyzed with thermal 
ionization mass spectrometry (TIMS), spark source mass spectrometry (SSMS) 
and secondary ion mass spectrometry (SIMS). In chapter 5, the interferences of 
the isotopic ratio measurement derived from ICP system, quadrupole mass filter 
and detector including formation of isobaric and polyatomic ions, mass bias, 
dead time and instrumental parameters are discussed. In addition, their 
corresponding correction methods in common use are introduced through the 
review of a large number of references. Based on the accurate determination of 
isotope ratio with ICP-MS, the elemental concentration can be accurately and 
precisely calculated by means of isotope dilution (ID). The merits of isotope 
dilution are validated with the determination of lead concentration in standard 
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results are in good agreement with the certified values. 
In chapter 6, the trace lead concentration in the matrix of CaCO3 is determined 
by the method of isotope dilution, the matrix cleanup procedure and ICP-MS. 
After removing the CaCO3 matrix with anion-exchange column, the trace lead 
concentrations in the samples are measured with Tl as an internal standard. The 
detection limit of this method estimated with 3×standard deviation of the 
procedure blank is 2.944 ng/mL. The recovery measured with adding standards 
ranges from 94-112% and the RSDs (relatively standard deviation) are within 
1%. The developed method can be used to determine the trace lead in the high 
salt samples. 
A method of on-line FI separation system coupled with isotope dilution analysis 
and ICP-MS for the determination of trace lead in seawater is described in 
chapter 7. After optimizing the operation parameters, including pH value of 
chelating reaction, concentration of 8-HQS, sample loading time and injection 
speed, washing time and speed, eluting acid concentration and eluting speed, 
the matrices of seawater are removed on-line and the trace lead in sample is 
accurately measured with the method of isotope dilution. The detection limit 
estimated with 3×standard deviation of the procedure blank is 0.2038 ng/mL. 
The recoveries by adding standards and standard reference water (GBW 08607) 
are 97.9 and 101.0%, respectively. The RSD is 0.98%. The method can be used 
to determine the trace lead or other trace transition metals in high salt samples. 
In the last chapter, the hyphenated technique of flow injection and ICP-MS with 
a micro-column is used to accurately measure the Pb isotope ratios in Danshen 
of different sources. With the distribution patterns of lead isotope ratios 
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identified through the characterization of the corresponding geologic lead 
isotopic constitutions. The lead isotope ratios are similar for Danshen in the 
same area, while the ratios are different for the samples of different sources. 
The distribution of lead isotope ratios, one of the fingerprinting techniques, can 
be used for differentiating the sources of Chinese Medicines. 
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